Some of the most significant aspects in the selection of wastewater treatment plants are the investment costs, since they cross-linkthe treatment level, the quality of the raw wastewater, the design flow and the purpose of the treated wastewater. Through a multivariable exponential regression analysis, data from 51 projects of new treatment plants was analyzed, and from that process, data of cost scale elasticity was obtained, in slow growth, in comparison to the design flow for each of the treatment technologies analyzed.
Introduction
The selection of municipal wastewater treatment plants (MWTP) has taken into consideration technical elements such as the concentrations of BOD 5 , TSS, N Total and P Total , without ignoring the population, eating habits, socioeconomic aspects, the municipal wastewater collection system and, of course, the flow and the direct costs of the MWTP project [1] , to produce a high quality effluent in compliance with the regulations applicable to the discharge into the receptor body of water [2] . The above is taken into consideration when making technical decisions on wastewater management, for the purpose of decontaminating, but there is also the situation of procuring technical economic conditions, on the basis of an analysis, empirical in many cases, where the purpose is to interlink the construction costs, the treatment level and the design flow of the MWTPs [3, 4] .
Approximations have been made to the economic analysis of the MWTP relating the investment or construction cost and the design flow, establishing in a general manner a regression in function of the costs and flow of the MWTP, through an exponential equation [5] [6] [7] [8] [9] [10] [11] where CI is the investment or construction cost, Q is the design flow, and a and b are calculated coefficients. However, constant a represents the cost of unit capacity and constant b is considered the constant of cost scale elasticity (always positive), where if b = 1, it means that the investment costs are directly proportional to the capacity or flow of the MWTP (costs increase linearly), if b 1, it means that the costs 
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advance less than proportionally to the capacity or size of the MWTP; that is, an economy of scale is present, which describes the behavior of costs according to the variable of flow or size [9] , if while b is smaller in the cost function of the MWTP, it is considered that its cost grows more slowly as larger flows or capacities are considered for the MWTP; if b  1 there would be a false economy of scale [10] ; However, the literature reports values of the constant b between 0.68 -0.954 [7] .
The above has served to plan the new MWTPs, but only in the direct cost of construction or investment approximated to the level of pre-feasibility for the efficient assignment of resource [13] . The measurement of the impacts on the final users of a MWTP project indicates the order of priority of the investment and compares several MWTP projects without including aspects such as location, area, environmental impacts and local prices at the time of construction, among some other aspects. Some regressions of exponentials have been differentiated according to level or treatment process of the wastewaters as shown below in Table 1 .
In Colombia several analyses of exponential regressions have been conducted [2, [14] [15] , where costs functions have been formulated for different treatment systems, as shown in Table 2 .
In the Interamerican Development Bank (BID for its acronym in Spanish) document [16] , Development Objectives for the Millennium in Latin America, a universal goal was established, to reduce by half the percentage of people lacking access to drinking water and basic sanitation, something that requires great investments in each country. According to Corporación Andina de Fomento (CAF), the management study for the infrastructure in Latin America [17] established that homes in the region with access to water in their property was 87%, with access to a public sewer system 58%, and toilets connected to asewer system or septic system is 66%. In addition, the study further indicates that between 10% and 19.9% of the population in Colombia has an inadequate system for the elimination of excreta. The Pan American Health Organization's basic indicators report [18] for Latin America indicates that 80% of the population has access to an adequate supply of water, 54% of the population has access to an adequate sanitation system; in our country 92% of the total population has access to sources of potable water (99% in the urban area and 72% in the rural area) and 77% of the total population has access to sanitation installations (82% in the urban area and 63% in the rural area). Other indicators establish that coverage (urban and rural) of water supply is 91% and basic sanitation is 85% [19] . For the Department of Cundinamarca, aqueduct coverage is 81.26% and sewage system coverage is 66.08% [20] . However, an analysis of the sector, establishes that our country (water coverage 88%) in the 90s was above the average for Latin America and the Caribbean (average 85%). With regard to water coverage, in the years 2000 to 2010, it was found to be below average (average 93%) for Latin America and the Caribbean, but during the last few years, 2011 to 2013, it was placed above the average for Latin America and the Caribbean [21] .
The National Plan for the management of municipal wastewaters in Colombia [22] , indicates that 237 Wastewater Treatment Plans (WTP) have been constructedin the country (21.7% of all the municipalities in the country), generating 67 m 3 /s and, about 10% of those WTP present adequate operating conditions. However,for the rest of the WTP, the actual operating and working conditions are unknown; and it also establishes that the WTP do not treat the totality of the wastewater produced by the afferent municipalities. In 2010, an increase of 75.95 m3/s in the flow of wastewater was observed, but only 18.93 m 3 /s are treated, equivalent to 24.92% of the wastewaters generated from 454 WTP constructed [23] .
The most widely used technologies in the WTP are aerobic and anaerobic ponds (55%), activated sludge (22%), percolator filters (14%), ascending flow anaerobic reactor (9%); however, the conditions of the WTP built (454), are as follows: 24% (108) in good conditions, 27% (122) in regular conditions, 22% (100) in deficient conditions and for 27% (124) the conditions are unknown [23] . The study [22] mentions that there should be an interrelation between the WTP, the sewage system and the receptor body, while taking into consideration concepts such as the integral management of the hydric resource, the pressure exerted over the resource, the preservation of the basins and the potential uses of the source, but does not establish the environmental assessment of the WTP with respect to the hydric basins. In addition, it can be mentioned that according to the World Bank the cost per capita for the treatment of wastewater is US$ 100 [20] .
However, the technical report on wastewater treatment systems in Colombia-baseline 2010 [24] -establishes that out of the 1119 municipalities in Colombia, 490 have a WTP (43.80%) and out of these, a total of 556 WTP in Colombia, are located in the Departments of Cundinamarca and Antioquia. The installed capacity of WTP was 33.2 m 3 /s, and in conclusion, the report establishes: absence of monitoring and control of the processes; no characterization of the waters is made, there is no control of the inflow or the outflow, and the design flows are unknown so that the operation of the systems is conducted in an empirical, autonomous and routine manner. The lack of knowledge on the systems operated does not allow the careful planning of the expansion and optimization of the treatment systems, leads to the deterioration of the corrective and preventive maintenance plans for the wastewater treatment systems, and createsthe absence of programs for the control of vectors and the handling of sludge, making it difficult to monitor the discharge of non-residential wastewaters and compliance with the existing regulations.
In addition to the above, the analysis conducted by the Asociación Colombiana de Ingeniería Sanitaria y Ambiental (Colombian Association of Sanitary and Environmental Engineering) [25] , indicates that 31% of the cities in Colombia have a WTP (primary treatment 29% and 1% tertiary treatment), where the following factors have been observed: incorrect selection of technologies, high investment and operating costs (although the investment assigned to the treatment of wastewaters does not reach the 1% invested or assigned to potable water), and very little protection of the hydric sources, jeopardizing environmental sustainability, due to the pollution of hydric resources, given the now obsolete premise used in Colombia, which states that the country's hydric resource is infinite.
Therefore, the cost function model for the MWTP in the Department of Cundinamarca developed in this research was obtained through the historic costs of the MWTPs already built and of the MWTP projects under construction with different flows or capacities and different water quality parameters (biochemical oxygen demand BOD, total suspended solids TSS, nitrogen N, phosphorous P) in different municipalities of the department. These serve as tools for the planning of the efficient use of the resources in preventing the pollution of the hydric basins based on the technology to be applied for the treatment of wastewater, the investment costs and its adaptability to the local environment.
Methodology

Type of Research
The type of research applied to the development of the cost function model of the MWTPs can be established from the prospective scope [26] , given that the information is recorded as the phenomenon occurs, in this case, obtaining the information of future investment costs of the MWTP in the Department of Cundinamarca. However, according to the analysis and scope of the results, the research can also be quasi experimental [26] due to the fact that there is a causal relationship (cause -effect) between investment costs, wastewater flow and the physical parameters of the quality of raw wastewater that in conditions of rigorous control of the factors may affect the result of the analysis. Additionally, with the cost functions of the MWTPs, it willbe possible to foresee the efficient assignment of the investment resources for the preservation and conservation of the hydric basins in the department. For this reason, the research is also known as a forecast [27] , given that future situations will be anticipated, under conditions of project horizon, demand of raw wastewater, compliance with current environmental regulations for the discharge of treated wastewater and institutional strengthening.
Data for the construction of the cost function
A Departmental Water Plan (DWP) has been implemented in Cundinamarca whereby prefeasibility studies have been conducted for the development of investments for the installation of MWTP in the different municipalities of this territorial entity, where the idea, profile and design of the different MWTP have been foreseen, for the purpose of strengthening the institutions, and conserving and managing the basins in the different provinces of the department through compliance with the current environmental regulations for the discharge of treated wastewater. In accordance with the above, to determine the cost functions for the MWTPs the data gathering and historic costs method was applied to 51 MWTP projects constructed or being constructed with different capacities or flows of wastewater (grouped according to the technologies for the treatment of wastewaters and taking the direct cost without Administration, Incidentals and Profit (AIUfor its acronym in Spanish) within the DWP and projects executed by the Autonomous Regional Corporation (CAR for its acronym in Spanish) in Cundinamarca, that is, future investment costs or costs of monitoring the construction of the MWTPs.
Data Analysis
The costs functions in the MWTP that express a exponential regression of the form * * * * where CI is the investment or construction cost, Q is the design flow, BOD (biochemical oxygen demand), TSS (total suspended solids),N (nitrogen), P (phosphorous), a and b are calculated coefficients. This model allows the establishment of the relationships between variables and the identification of the existing dependency. In other words, a deterministic model that excludes external factors that produce fluctuations that influence the construction of the cost function, which means that it can be insufficient to explain the reality of the phenomenon. Consequently, the construction of a cost function of the MWTP should bestochastic or random, meaning that it includes unknown external information (represents the factors that affect the cost function of the MWTPs and that are not considered in the model) through error , so that the model that better interprets reality can be better explained [28] . Table 4 , shows that out of the 11 MWTP projects with activated sludge technology, in terms of investment costs per capita, only two MWTP projects fulfill the recommendations from MAVDT (for Colombia, it can be from USD$40/inhab to a USD$120/inhab [29] ) and six MWTP projects fulfill the recommendations of the literature [30] ; Arceivala, 1981) of 70 USD$/inhab. The investment cost per capita for the activated sludge technology varies from 52 USD$/inhab to 1506 USD$/inhab, presenting a large dispersion of the data, since in countries like Brazil (USD$170/inhab to USD$270/inhab), Mexico (USD$50/inhab to USD$85/inhab), and even Colombia (USD$110/inhab to USD$175/inhab) present values for the investment per capita (secondary treatment) that are low in comparison with those reported for the MWTPs of Cundinamarca [14, 32] . The flow range found goes from 4.0 L/s to 188.6 L/s. The vast majority of the MWTP projects are above 2000 m.a.s.l.. Table 5 shows that out of the 10 MWTP projects using oxidation pond technology, in terms of investment cost per capita only three MWTP projects fulfill the MAVDT recommendations (for Colombia, this can be from USD$10/inhab to USD$30/inhab [29] ) and one MWTP project fulfills the recommendations made in the literature [30] of 30 USD$/inhabitant. The range of investment cost per capita found was USD$44/inhab to USD$132/inhab, which indicates a very high dispersion range, since it is estimated that the value of cost per capita in Colombia could be from USD$3.9/hab to USD$27.1/hab [32] . The flow range found went from 9.0 L/s to 958.7 L/s. It was also observed that all MWTP projects are located above 2500 m.a.s.l., even though the recommendation is to locate MWTPs with oxidation pond technologies below 1000 m.a.s.l. Table 6 shows that out of the six MWTP projects with aerated pond technology, in terms of investment costs per capita, only three MWTP projects fulfill the MAVDT recommendations and two MWTP projects fulfill the recommendations made in the literature of 30 USD$/inhab [30] . The range of investment cost per capita went from USD$8/inhab to USD$117/inhab which is a considerable dispersion range since it is estimated that the value of the cost per capita in Colombia could be from USD$1.54/inhab to USD$3.87/inhab [31] . The range of the flow found went from 15.0 L/s to 861.6 L/s. It was also observed that all MWTP projects are located above 2500 m.a.s.l. Table 7 , shows that out of the four MWTP projects with advanced technology DAF, in terms of investment costs per capita, none of them fulfill the MAVDT recommendations (for Colombia it can be from USD$20/inhab to USD$30/inhab [29] or the literature [33] of 40 USD$/inhab. The range of the investment cost per capita found went from USD$96/inhab to USD$463/inhab, which is a high dispersion range since it is estimated that the value of the cost per capita in Colombia could be from USD$1.35/inhab to USD$3.87/inhab [32] . The range of the flow went from 6.5 L/s to 25 L/s. It was also observed that all MWTP projects are located above 2500 m.a.s.l.
Results
Out
Together with the information presented above, the econometric results of the model or cost function of the MWTP are presented for the 51 MWTP projects in the department of Cundinamarca.
First scenario
This scenario considers the value of the investment measured in Colombian pesos as a dependent variable, and the characteristics of the microbasins such as population, flow, BOD, TSS, N, and Pas independent variables. A linear model,and a log-log model are considered (Table 8) . The table above, shows that the model or cost function is as follows:
9.28 11.224.012 * 12.127.754 * , which indicates that it is only analyzed for the significant variables within the model, that is, those whose probability value is less than 0.05; the investment cost of the MWTPs increases per each capacity (L/s), which means that the investment cost increases $11,224,012 COP as the flow increases for each L/s of capacity or flow and in turn the investment cost of the MWTP increases $12,127,754 COP per each mg/L in BOD concentration.
Second scenario
This scenario considers the value of the investment on the MWTP measured in Colombian pesos as a dependent variable and the flow as an independent variable. Table 9 shows that the model or cost function as follows: 1.81 4.234.381 * .In this cost function of the MWTPs, the investment cost increases by COP$ 4,237,000 per each L/s of capacity or MWTPflow.
Third scenario
This scenario considers the model or cost function as a log-log, where the investment logarithm of the MWTP is estimated in Colombian pesos against the logarithm of flow or capacity of the MWTP. Comparing these two equations, it can be seen that the coefficient is a log estimator (investment ; The value of the coefficient expresses the elasticity of the flow in function of the cost which is 0.49, indicating that if the flow or capacity is increased by 1%, the cost of the investment in the MWTP will increase by 0.49% (less than the unit).
Fourth scenario
This scenario only contemplates logarithms in the dependent variable, in the flow and in the BOD, taking into account that for the other variables it is not significant. Table 11 shows that the elasticity of the flow or capacity of the MWTP is 0.45 and BOD is 0.30, this is the model that adjusts the most (R adjusted 0.70) and the cost function is as follows:
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Models per type of technology
The investment costs functions or models described below correspond to the estimates in accordance with the wastewater treatment technologies. The variables considered in the model are investment cost in the MWTP as the dependent variable and the flow or capacity, BOD, N, TSS and P as independent variables. The logarithm is only applied For the aerated pond and advanced DAF technologies, the first model or the cost function is not significant because the sample is not representative. For the second, it is not possible to estimate the model or cost function because of the number of observations: four.
Conclusions
In terms of investment cost per capita for the MWTPs, there is evidence of a great dispersion of the data obtained. This is due to the fluctuation of the materials, equipment, and the civil works at the time of estimating the budget, which ostensibly affects the value calculated (investment cost per capita) in comparison with international and Latin American literature. For the most part, the investment costs are assumed indirectly by the inhabitants of the populations benefited, through the financing by the national government, and afterwards these costs are assumed directly through the charges for the operation and maintenance of the MWTP.
The investment cost functions of the MWTPs formulated are an appropriate tool for the selection of the -500.000,00
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1.500.000,00 2.000.000,00 2.500.000,00 3.000.000,00 3.500.000,00 4.000.000,00 4.500.000,00 decontamination model applied and in addition serves as an economic indicator for decision making and even for the evaluation of several alternatives of treatment. This is due to the fact that the investment cost of a MWTP is not proportional to the design flow, but rather mainly depends on the characteristics of the raw wastewater to be treated and consequently, the greater the quantity of contaminants eliminated from the wastewater, the greater the environmental damaged prevented, and therefore,the greater the benefit from the wastewater treatment process, because the entire treatment train of the MWTP is utilized.
Having cost functions to estimate long term economies of scale in the MWTPs in the department of Cundinamarca is specific to the capacity or flow of the MWTP considered in the analysis. Consequently, the elasticity of the cost scale (Q (0,458459) and BOD (0,308837)) meant that the investment costs rose slowly in comparison to the capacity or flow of the MWTP analyzed. Cost functions were obtained for the activated sludge, oxidation pond and anaerobic reactor technologies, while given the number of observations or data of MWTP projects with aerated pond or advanced DAF technologies, the cost function was not significant in the estimation of the model.
